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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device, which is capable of decreasing the contact 
resistance at' the interface between an InGaP layer and 
a semiconductor layer formed at the upper layer of the 
InGaP layer, and the manufacturing method thereof. 
SOLUTION: This semiconductor device is constituted of 
an InGaP layer 20, which is epitaxially grown on a 
semiconductor substrate 10 t and wherein the natural 
superlattice is broken and the alignment of In and Ga in 
the surface of a Ill-group atom layer has become 
irregular, and a semiconductor layer 22 which has been 
epitaxially grown on the InGaP layer 20 and has the 
same conductivity type as the InGaP layer 20. With this 
constitution, the trap at the interface of the InGaP layer 
20 and the semiconductor layer 22 can be decreased. 
Thus, the contact resistance between the InGaP layer 
20 and the semiconductor layer 22 can be decreased. 
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1 — 2 4 3 0 5 8 



I n t G a WJIfliJt^o T^5i«& Wt5 I 
nGa P/I<hs 

frfffl I n G a PB±£xtr**5/*;Uj£g<£nfcaME I 
nGaPit |3J-#*£!<&¥«#B £ £ #f 5 £ £ 

[If *S 2 ] NM&B l f2*<D¥»i*Sfifc*3ivT\ 
fiifSB I nGaPlH ^#Sfi±i:M$n, Illft 

m*mmto\z&vrz i ntGacaffi^ja^fltt-cgasj© 

3 1 n t G a (DE^ Wii^o 1 1.^^ 2 ©I <t 

*)vm±\z&i&zntz.mz i nGaPiciOM^n 
^ > ^ * $ nr ^ 5 c t. t r % *m#» 

Mo 

UMt* 4 ] MM 3 EtO¥»*BK*MT, 
ftfifE I nGa PBte, ^fW«W«¥iB»K:WlD*tlfeyU 

go 

M&K 5] S*3»E 3 Xtt4ffittO¥*#^BtC*5^ 
T> 

iff2^+^;UB«, GaAsiXttlnGaAsifcJ: 
, 0»fiJc$nT^Sdi:*«Fai:"rs#3»*SB. 

6 ] if #31 1 Xtt 2 Effcco^flcgfifc* V > 

T, 

**B±£^££nfc^-XB<!:. fJfe^-X/I±tc^ 
ricStlfcffilB I nGaPBfCckO«^'nfcXSy^B 
<h, (MB I nG a PBitC^^nfe^fB^^BfCJ: 
0«fi£$nfc*^y^ r B<!:K:<fcO>\5 1 n/t<#-5 

Bo 

w*9i.7] if*i 1 7b^.6<D\,^nfrimizmm<D 

HHB¥WMt*. GaAsl, AlGaAsIXttln 
G a A s B 0 JBjafcS nr ^ £ d <h £4#m <h"T £ ¥31 
#SsB„ 

TlUtgM+mffifttZ&VZ I ntGaOffi^WqFaiiJ 
<h&^T^£ I nGaPi^Mt^Ii^^Ct 

*f*«fr**»#*Bo«ft*s*. 



5oo-6 o oic<oiaa[(c<fc^^r«^jR<b***Bi5iicStt 

JCctO, HiIfB I nGaPB£J5fcftT*d££»»£-r* 

[If 1 0 ] 8 IB«O^*ftJgfi(085B6*te 

^l5^»«cS«±fcinailR^BBrtJC*3tt* I n<hG 
aCOiH^^ii^JT^^m^^bT^^ I nGa 
PIM^L, «HEl"nGaPBt«»nBr=-^"r«. 

cifCctD. a^je^j&nK^^nTiniOT^BSrt 

\Z&VZ I n tG a^e^^F^aytrcC^T^SlrSB I 
n G a PI*^t5ut€«p»i:t5*»i*810fi 

^;w&s-f£>x*i<h, 

K*SnxiIIfllIRTBffirtfc*5^* I n<hGacogB^J 
flSFffifliJiifroTHS I nGaPl^x^ + ^t;^ 

g-r*x*i£, 

huIB I n G a P Jt±tC, ffigam 1 flDffltffcBtf*»U^JII 

3 g>b»c &z>mm&m<t¥n.mi&&mz & o id 2 <d* 

m&m 1 2 1 im&s 1 1 fcmco^m&mmnm&fr 
mz&^x. 

wtizm 1 ©iMatf faisie 3 <omm\t. 650-700 

BuS2^2<DiSlS«, 5 0 0-6 0 Ott^^Ct^M 

tt* I ntGaOE^W^iJWTe^j@^*«J5JGbr 
^InGaPIt. SS2<&¥»#B<fc£Xlf**>'* 

MS I nG a Pi*^H7-HH^ S&fflfe^jWR 

fcsnrin^^Bffirtfcisw-* 1 ntcaogw 

^SliJt&oTH* I nGaPSIc:Si«Iit^ 
[if #® 1 4 ] If ^ UM13 ov^rn^ 1 3®fc 
mlfBI nGa PUK, j— F-y&'ffoXMZ^ 

1 5 ] it 11M14 <D^rn^ 1 mz 
&m<D*m&mm<Dmmij3miz&\,*T. 

Mam 1 (D^m&miZ* GaAsi, InGaAs @X 
^IIlMi^^BSrt^iJtt^) I niGa <DtE*,&\fi i %lWl&) 
■VGfm&ttmtiLLT^Z I nGaPit^O, 
m?M2V>¥-m&mte. GaAsE A I G a A s IX 
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ftmW-l 1 — 2 4 3 0 5 8 



[0 0 0 1] 
CO 0 0 2] 

imte<0&ffi} InGaPH G a A s ±£Xfcf*=*^> 

fc£ M^lSK7>y^^ (HEMT : High Elect 
roa Mobility Transistor) d&t^Tli, ^^^)VM\Z 

0, Sift, ^n&^A<*-^h^>>?X* (HB 
T : He tero- junction Bipolar Transistor) lc:fe^T 

[0 0 0 3] £fc. InGaPH GaAs, A 1 G a 
As. I nGaAsft^OAs7c»*4tifl:^«* 

<ffl^6nt^. MAtf, «f««2 5 8 1 4 5 2^ 
*ffl»Cte, GaAsIXttlnGaAsi^O^t 

^MWI^^ntl^o #1*212 5 8 1 4 5 2^ 
^jKB#^IBi^<3D¥^^Sfc:oViT» Ell o feffl^TIft 

[0 0 0 4] ^fGaAsSIS10 0±l:H Ga 
AsXteA 1 GaAsJ:0^A777il 0 2rt*J£fig; 
<*ttT^£o /t-;77il0 2±tll n»5F3ffi***»5 

jtiD^n^c a i g a a s ct o tL%>m=?-m&m 1 o 4 

$ntU5. m^j^JSl 0 4±tCtt, GaAsXfil 
nGaAsJ:0^ft^H 1 0 6OTMfe3ttTlr» 
^*JUJIl 0 6±lCfcJU InGaPctO^fT 

i o 8«$ntv^ 0 m^&iis/i 1 0 8±iZ 

H AlGaAs e tO^J>^^hT1110t, I 
nGaP^O^^^^hWimt, GaAs 
&*)t£Z>zi>*tr b±mi 1 4 t^fifc^tiT^^. n 
>^^M110, 112, 1 1 4 fCWl, m^^H 1 

o 8 tcit-r sutxis«i i 6^is^enx*3 0, m& 
LrzMTvu&m i o 8 ±\z\ty- hw.m 1 1 8 tmi&z 
ntt^, n>^^ i i 4_t»c^ y-xiii 

2 0 H K 1 2 2 sWHsKSnTfri*. 

[0 0 0 5] ZO>Xo\Z. ^12 5 8 1 452^1 

hTll 1 0 A I GaAsC^LT^ 



[0 0 0 6] 

[B^a*#ftb«fc3£T*»W] L7&>bfc#£, InG 
a PlJhCA I G a A s i^G a A s JBtz£&J&#t* 
&&<D*m<£gim<OffiT&-eiZ* InGaPliAlGa 
AsM. GaAsm£<DftmiZ&»*t&fctfi±$<V-- 

m\z x rmrzizfLM £ nrc 9 mz. y-biffi£rsi± 
z&z^Km^mzm 1 o so+hmmh: k-7H£&: 

[0 0 0 7] InGaPltAlGaAsi^G 

a a s m ti<Dfrmiz&^T *c»fta«i8jta-r 

^tlTU^Co *%^Og^H InGaPI^(0±I 

fg^ b o %¥mw&mms*<z>®mxm*mmt % z. t 

[0 0 0 8] 

IIIM^Biirt^W I n <h G a <DWi&\fi&FMW\£. 
3aoW5I«WninGaPIt, fiMBInGa 
P®±^Xtf^^5>r;U^S$n^@BI nGaPlt 

t * w-r £ c <h <t r % *m 

ftMl:«fcotM$ti5. InGaPliC^itH 
Sr^TS^tc:. TMiCO i nGaPlOiMW* 

i nGapmtttm&mtvfrmiz&wz 

^y^WSCt^TfS. CtlfCiO, InG 
a PBt*»»Si:©IBl©3 N«tft*«»"r«C 

[0 0 0 9] &frs ±|E<D4 £ »**Bfc:*5UT, HfflB I 
nGaPIH ¥®frS«±tc:^*n, HUBBUB 

£ G a cDiE^^F^RiJ tfco T <^£>fg 2 (D/I <h £*TT£ 
:<!:^Sl^o InGaPIt^I(h^CD3> 
h}gtrt$fi«r*fc«)«Ctt, I nGaP 

nGaPi^^Ct^M^, 

[ooio] £fc, ±e<o¥«iM*®fii;:*5^-c\ aria* 

±fc:»fife$nfcS(HBI nGaPiia0M$n/:lf 

OMSnfc^t y 7B ^UOMM K 7 >>' 

IU/:InGaPIH H EMT<Dm^&&fl(C^8'r 
aci^T^5. SMf^UcinGaPM 

HEMT<omT&&mizmmTti& y-x»fit*is« 
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1 — 2 4 3 0 5 8 



[0 0 11] Sfc, ±B©*W#MlK:i3^T, me I 
n G a PJItt, 5FM«w&«¥iB«fc«ta*nfcy 

mzM VHt&m tc f— t? > ^$ ntz h e m t -e 

ajRfflH^SMUfc I nGaPi^HEMTcOtfi 

[0 0 12] ±E©¥»#*S«fc:*J<r*T. mJfB:P 

**;UJItt, GaAsgXIilnGaAsiCiOM 

»±rc»*an&MB i nGaPH^oM^nti 

MB I nGa PJl±ft:»«Snfc»E*« 

ffijB«?«ttSb^:I nGaPilfct HBT(DI5>^ 
GaPl$X5y^It:IiWl xay^itXS 

[0 0 13] ±B^<D^m^m\Z^X. mflE^ 

SgfcJIfcL GaAsl, AlGaAsiXttlnGaA 

fllK^Hffirtfcis^* I ntGaOEWISfliji^ 
T^^> I n G a P tt5 C <!: S:^® 

f&&&=Pim&t£ti1t I n G a PJBS^-T ntf, ceo 
[0 0 14] ±E<D¥»#£B<OSit#8sfc:*5l> 

t, 500-6 o ot:«)jaKk:<fc4#«^R^fs;«^ 

SfcfcfCcfcD. MB I nGaPJI£/fc£ir*C<ba*M£L 

5 o o-6 o ox:<Dumiz&z>mm&mfc¥m.ttf& 

mmz&O I nGaP@£j£«T£C<2:lCJ:0, 
»^-*«*$nfe I n G a P es^-r^c <h*«-C$ 

[0 0 15] ±B©^W»SIB©aKt^f*Jc*5V^ 
T, MB*W»«S±fcni»S^HffirtK:*5^«» I n 

£Ga<Dmmtfmm^mfm&?*mtfLLT\,*z> i n 

GaPi«U Hire I nGaPI$M7--;i/ 

I n^GaCDS^^F^I'Ji^oTV^Htr 
EInGaPB^«Ct*«tl^ B&iS*^ 

I nGa PlOSMftff 

-5. 



[0 0 16] ±BSWtt, ¥W*S«±t. W,\ . 

©Jfl«K:J:«*«A«fls*JMi**tt«fc D* l 
Jf£x^*5>*;U/&gT&Xg£, WEJB1©¥»# 
H±fc. WB?loiaK<t0i£t«2<0iaa»cJ:S^« 

^«fls*«««stt«fc o essfiteWK** tin 1 1 mi 
m^pmmMz&nz i ntGacogs^j^miJt^oT 

^InGaPl$X^ + ->tMmili:, mf 
ISlnGaPliC, wlt^ 1 ©«aaEfcatt»L^JB 3 
©iaKfccfcS*«^«<t:^ffiri6SfeJc J: 0^ 2 
ftl^x^^-Vt ;i/M-T5Ii t £ ^ C <h 

[0017] ±Bo¥«^a<oaat^K:*i^ 

T* ffiEIB 1 OjUEKCmBW 3 <DiS*J4, 6 5 0-7 
0 0T:T&9. i&f5fg2CD^te, 5 0 0-6 0 0t:T 

jz.AummTmmftiz&tfz i n^Ga^ia^j^^j 

ra»^MlT^InGaPI<!:, 12(D 

^#e<fcS:xhr^*^r;uj^ft*rsxsi:, me in 
GaPiwriTx-jn, a«B»¥7WWi*nT 

UU&m^mmftlz&VZ I n£Ga<7)&^Ja^&IiJ£ 
^ot^5 I nGa P itfeM C <h 

[0 0 18] ±B<0^*«HOSajfi^t*^^ 
T, iftfai nGaP/ItC, Z?U-i— h*— ^SrfT^Xg 
&l{Cft5Ct35i<S^l^. ±E<0¥*#S£fi 
(DfiBfi^ttfc^T, iitrBffSl<MMIMfcBfcL G a A s 
Jf, I nGaAsJIXteIII;^^i®ftK:fctt£ I n 
tGa^BWaaiJWTS^ffl^&^bT^S I n 
GaPit^D, iHffi»2a)i|^iH GaAsl, 
A 1 GaAs ilXtel nGaAsItfeSCt^IJb 

[0 0 19] 

tt. InGaPHC, AlGaAsiKaAsM 
*J^ricbfc»^<0*ffiJC*5^S»fii<Oi8lni^ InGaP 
mcDttZ&fm&TlzmmTZTbV-C&O. I nGa 

[0020] jE*ffl^)6nrir4ft:fttt¥«ft:jioAfi 

^fe, #J;U£MOCVD (Metal Organic Chemical Vap 
or Deposition : #«&JBfls¥«S/&&> OitfS 
UcInGaPlH Mi <a) CStMiSK:. 1 1 1££ 
(I nWGa) j&^fcSEC^Bfc, Vj&jfC^- 

(p) ^e^s^Bt^scsDBsnT^o. a 
i umMTfr^tsL* n iM?ash*m±. utG 



(5) 



tem^l 1—2 4 3 0 



[0 0 2 1] L#>L&#*&. £<D£z>iZJ&f&lstZ&tm 
»f€tt5 I n G a PH±*C, #];U* I n 
GaAs H£i£^LJ;?<hT3<h, In'GaPOftfS 

w-trtt i n*<iEasn-5^#-y-f h (is*, r i n ®j 

ch^-r) KttGa*«B3nK:<<fc0 (MX <b> # 
B> , SlStLT^lfcGaAsItlnGaPSt 

[0 0 2 2] *^S«^^*»«WI#^«l«ttW*fT 
r>fzmm. SlBiWHmi nGaPI«*t 
£C£tcJ:9, InGaPitAlGaAsI^GaA 

I nGaPlH 0*JA.fcf I nGaPBSrte 

x a MBttT'&ttMir « - 1 k cfc o s c: <h**M 

[0 0 2 3] ^T. *J(l^lltC^oT*^&^*W^ 

tmiKi&BL m^\t*mM&m\z,kz>¥m&mmiz&v 
[0024] \zctbiz. *mtmmiz<kz>¥mftmm<D 

UmilCInGaPie^HEMT 
fcjgfflbfc-WfC^oVTift^TS. HM&ftttGaAsS 
«10±fCte, raeOOnnKDGaAsiiO^ 
A'7 7 7il 2 7i«^ntl^ e A7 7 7I1 2±{I 
te, MiP^ 1 4 nm(D I nuG ao.»A s JHefc OfeS^ 
^*;U/Il 4 7^/&£nT^5« ^^^JU^14±^ 
tt, I nGaP < t0^5ifMI2 0«^nt^ 
5„ 2 0 tt, Mil^J 2 . 5 n mCD I ru>G 

a^PJi 1 6 t. mM&ll 5. SnmOInoiiGa 
.. S PJI 1 8t^^0, 1 4fr£tf)8E^ 

m£5 nm£teZ>&m<D I nuGa^Pfl 8KteS 
i^8xi 0"c m^igtyu-t- H-^^nt 
t^£, InGaPil6, 18H BSS©^* 

Ji<D®ftK::fctt£ I n<hGa<DS^^F^IU-e^^>C<h 



I, (H** "disordered" £3Tf) , S 
USSftfStTSInGaP "ordered" 
?) tmi-rzcthTZ. SfiS&i2 0il:li JR 
JP^7 0nrru lfM4xi0 l, cm* 1 On-GaA 

zzvmzz ten, m^&isjs 2 0 tciir^ u-k^m 
2 4 ^istt ^nx*5 0 , Btb u^m^tti&B 2 0 ±fc« 

[0 0 2 5] C<DJ;5^ **tt^ffil:«fc5^«#Sfi 
fB^*J<D»S«jt£frr* I nGaPl^tfTOi 

2 0fcjgfflTs;r£K<i;9, «f^t&S2 0±CMt 

^GaAs3>^7>!2 2i^im5 + t'J7 
[0 0 2 6] V-*»ffi£PL«ft«fi<fc©W 

i^m7t^i., «»&«y--x«««* 

U 8l«to*7 7KK:fctf£ I nGaPOfflM^L 
fcfcflre&S. InGaP^H %«I^6 4 6. 

U 363fcifc&WKl6 2 0 nm<Dt&lzm&£±temffi* 

[0 0 2 7]l3(^tct^^ InGaPOMM 

"5, InGaPiH, 1 8 0>SSAttii£ftSUF££llC 

*WJ5. ***rattfc<fc*¥SIMI«B^±. I no. 5 G 

a«PIl 8t^r^U^(hc73F B 1(c, 

I n nl Gao.7P/i£i£ttT^5^ cnraTC^I" 

[0 0 2 8] GaAs^fi#t§InGaPifl 
I'nOtU&PldO. 5(Di#, t^InuGa ts 
PO^Tr^S. l/£»Ltt#t£. In tt Ga ls Pl^ 

^*;Wf 1 4t$>^ I n^GauA sm<D.tizm.& 

ffimc^^ofc. ^nil In^sGauPi^ ' 
OP^h*-/^>hT^^S iifi. I n^GauAsi 
C0Wr^>^^{CckoT I n.-jGauAsItfCffi 

S«M«r«i. I ru,G a...A sil4 ^WT^ 

»as*i:isi*fsi<^ea2**^"rs i nuGa^p 

^ 1 6 £ I ru*G a«.sP® 1 8 <h I rift.iG a«.iA s 

si 4<h<aFimcj#AU p, s iott^imancd: 
[0029.] tf^i 2 0 izm&frmmo>mfk 



(6) 



1 — 2 4 3 0 5 8 



ttZ I nGaPi^01f«l2 0£7£/&Ufc*i 

(Ordered) ttt&LT. m^M^KD^m^O I 
nGaPil:J;0tfi^l2 0£^j£Ufc*i£ (Diso 
rdered) Kte> ^*;UJi 1 4 <£> S/— MSta£*"lBK:(S ' 

[0 0 3 01 l»f^^c^InGaPiHctO 
tefct^a*, InGaP M+OtHk&WMBMtfr* I n G 

ttsLtt. nT&&m 2 o izimjmmn&skmm&m 

AT^Clt^ckO I nGaPJifi<Z>teT3I^£»c{&M 
T#<5<ZrC, i«a»fWninGaPil:«fcO* 

^<7) I nGaPI(a0tf«i2 OSMLfci 

[0 0 3 1] &W¥&n<Dm£kmi&$:&-?Z> I n 

GaPH S«a»mt5InGaPJ;0fex^ 

ft&JS 2 0 KSS^E?a©teiM^<0*I nGaPl^I 

tc, 3^*;W§1 4<D^^tit^ ! fo{g:M-r^<l^^ 
[0 0 3 2] **Jfi^litc:j;*¥*»Sga<oieS 

^at^^Ti 5 nmrn 7 &m^T®,m?z>o m 

M (10 0) , *7-feyh£2° <D¥tm&GaAs 

0nmOGaAsIJ:0^§/\'777il2<!:, ilJ¥£j 
1 4nm<£>I ncGaciAsictO^ft^Hl 
4<h, mM%)2. 5 nm(D I no.iGa«.?Pl 1 6 
^?^J15. 5nm(DIno,GauP118<!:, if 
^7 0nm, if!l4xiO l, cm- J On-GaAs 
m<£0U2>3>?# hM2 2£&m$:&L&1rZ> (M S 
(a) ) . 

[0 0 3 3] Z<D&* In..tGauAsI^e>^ 
tfmZS nm^/i^IW I n^Ga^PIl 8\Z. 

IIIj^^oo^^-^ihL, T&fc^I nuGa 
...A s S(0/&&£-«5P?±Lfc#ffi-^ S i Sr&tfJSC 

-^i«^8 x 1 0 l 'cm\ ftffik<D¥®Mtfms n 



m£:fc*<fcolCI n..«Ga..sAsi4»(CS i St^AT 

l^lOnm^T, F-^i$:5X10 ,7 -lxiO 
"cm- 1 , ***)Vm 1 4 £ H— tf>^«a»*tforai 
e*)2~10 nmit^ili^l'^ 
[0 0 3 4] »****ff ^K^JPtbTtt, WAtfas 

EG, TMI^ VM^tL/T^^AsHj, PH* 
£»rfS. fiJcSEE^Jtt. ^7 6To r rtt6. 

W120t^InGaP116, 18©MM 
156 0 0TOTtt«»^Ct»W^^o 
[0 0 3 5] '&&<D*mfcgim<DW&Jj&:-Vtes /Xy 7 
7ll 4G>j£&*>S:3>*^ h/I2 2<OJSjtS*"C(DPfl, . 

¥mfcmm<DW&fmz&\,*Tte. ^77112, ^ 

6 5 0 — 7 0 O'COf^co— ^ia^^J:oTfT^tX 

[0 0 3 6] 6 5 0-7 0 OXZmM^U^Z^r) f^M^ 
nt>tlX^ft(D\t. f^iMTOInGaPl 

TAlGaAsl«$n§C^0, A 1 G a A 
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m, Ft-MI!J 1 x l 0 "c m-'On-G a A s I 5 
2<h, mmmsOnm. h't-M^3xl0"cm- 1 
O n- I n G a A s 1 5 4 <h«ii$nTV^ fl n 
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£9ft5X5*;/^jI5 Ofc^rf&HBTlC^vr, xa 
7^15 0 *«K*E^JOjea«5g&*-f * I n G a P 

[0 0 5 0] fc*5, Jifsminss^iir-^^^^HE 
^ igffi b few £^ l, tctf. moi^rt^ xx$>^>x*>mm 
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^^/f®f*itc;fett£ I n£Ga<08E^J7^&IU<hfr-3 
T^InGaPMM^C^m ¥ 

a^o^i co^m* ji ft x kf * * ^ * ; wfcg-r £ x& 
&\z&zmmtti&p§mi£&m& o a^jfrwwa 

£nTIII^^Ji®ftJc:fctt£ I ndiGaC^IE^^F 
HliJ^oTV^ I nGaPl^xtf^+^tMIt 
5X*i£, InGaPllC, ^l«:^fU^ 
m 3 ©BKk: J:* W«^«fk*SiffifiJcSat J: 0^20 

&m&mm'rZ>Z:£lZ&t)* InGaPi(hI2^ 

[0 0 5 7] ¥«fr*«±K. W«&»fc;3*fM§ 
f£§t£K:£0* »1 [HlWK^BHrtK:. 

WlnGaPIt, 3!2<0¥ilMM<fc£xfcf**5/ 
^;UfiJofirsxSt. mrfE I nGaPl^I^TX- 

£ I nhGa<DmW1frF&M\£teiT^* InGaPl 

\zmm-z>TM£ iz£ o *m&m&*:Wtt&-r% z t 
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